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of the European Biomass Conference. In addition, a quantitative content analysis of titles of the confer- 
ence has been performed. This shows the dynamics with respect to considered feedstock, conversion 


A e technology, application as well as supporting arguments for this - a dynamics that will not show in a 
A technology or country oriented study. We distinguish four different discourses based on differentiation 
Europe to scale and knowledge intensity — but that also relates to feedstock and conversion technology. This way, 
Discourse analysis the complex developments can be structured and understood as shift between and within discourses. 
RD&D This is especially relevant as each discourse involves a different policy arena and different actors. With a 
still growing interest in energy from biomass, the multiple discourses seem to keep co-existing. Emphasis 
continues to be given to large scale and knowledge intensive processes, which will further increase the 
importance of the supra-national level for future developments. 
© 2012 Elsevier Ltd. All rights reserved. 
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1. Introduction technologies or national developments (e.g. [1,2]). One might argue 


that this reflects the strong role of national policies and develop- 
ments that have proven to be of major importance [3]. However, 
this neglects the international effort, e.g. the EU efforts on biomass 
Integrated Gasification Combined Cycles in the 1990s, and more 
recently the EU directive on biofuels. 

This focus is especially surprising as the general promises 
on energy from biomass are truly international ones: fuels from 
biomass as response to the international oil crises of the 1970s; 
energy from biomass to reduce greenhouse gas emissions since the 

* Tel.: +31 40 247 5761. 1990s; and more recently the promise of a bio-based economy. To 

E-mail address: A.F.Kirkels@tue.nl life up to each of these promises requires international and large 


Over the past decades energy from biomass has been on the 
forefront of promises and developments in renewable energy. 
Its large potential and flexibility regarding feedstock, conversion 
technologies and end-products certainly contributed to that. As 
such, it has been widely reported upon. But, surprisingly, this 
strand of the literature has been mainly focusing on either specific 
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scale application, as the burden of oil dependency is not levitated 
by a small local project, and the same hold with respect to reduc- 
ing greenhouse gasses. The involved technologies ultimately serve 
a global market. 

Our argument is not that local or national developments are not 
relevant; our argument is that the supranational level does mat- 
ter. Our focus is on Western Europe, a region in which there has 
been a broad and intensive continuous RD&D effort on energy from 
biomass over a long period. This focus is given in by practical rea- 
sons: availability of the literature and the need to reconstruct a 
comprehensive story line. However, we are aware of the impor- 
tance of other regions: the USA and Canada that played a leading 
role in the 1970s and early 80s (see, e.g. [4—6]); and more recently 
the developments in the USA and Asia and more specific China (e.g. 
[7,8]). 

Although limited, several scholars did take on the interna- 
tional perspective on developments in Western Europe (see, e.g. 
[3,9,10,11]). Hall [9] is an editorial that describes to upcoming of 
interest in Europe in energy from biomass. His later papers [10,11] 
both describe the status at that time and ongoing developments in 
order to assess future potential of energy from biomass in West- 
ern Europe. In his well known paper, Faaij [3] follows a somewhat 
similar approach covering the 1995-2005 period. 

We will take a somewhat different perspective, by performing 
a discourse analysis over a longer time horizon, 1980-2010. Our 
main interests and contributions are (a) how attention for specific 
promises and practices have developed over time and (b) the struc- 
ture of the debate. As such it shows how the scenery in the energy 
from biomass community shifts with respect to applications and 
socio-economic and political context, but also with respect to feed- 
stock and conversion technologies considered - see Box 1. This can 
lead to deepening of the understanding of the ongoing develop- 
ments, which is of support for policy in this field. 1980 is chosen 
as starting point, as it is still well covered by the literature and 
reflects the period in which the concerns on oil supply resulted ina 
renewed interest in energy from biomass that has been continued 
ever since. 

After discussing the followed methodology, we will introduce 
the European Biomass Conference, the main source that we will be 
relying on. After that we will represent the discourses as recon- 
structed by two different approaches. Finally we will discuss the 
results and draw conclusions. 


2. Methodology 
2.1, Discourse analysis 


Discourse analysis finds wide application in the social sciences. 
Object of analysis is the discussion and the argumentative struc- 
ture of the discussion. This is based on the ideas of Foucault. By 
discourse Foucault meant “a group of statements which provide a lan- 
guage for talking about - a way of representing the knowledge about 
- a particular topic at a particular historical moment” [12, p. 72]. This 
implies a degree of repetition, in the sense that the discourse - or 
discourses for that matter - are shared by groups of people and 
show some stability over time. Several scholars emphasize that it 
is not a pure ‘linguistic’ concept, but that it is about ‘language and 
practice’, what you say and do, ‘identifiable set of practices’ [12,13]. 
But as Fairclough [14, p. 124] arguments, “discourses not only repre- 
sent the world as it is (or rather is seen to be), they are also projective, 
imaginaries, representing possible worlds which are different from the 
actual world, and tied in to projects to change the world in particular 
directions”. This only adds to the importance of understanding the 
discourse. 

Discourse analysis in the field of energy from biomass seems to 
have drawn significant attention recently: Zschach et al. [15] have 
been studying the mass media discourses in leading German news- 
papers; Sengers et al. [16] followed a similar strategy, but focused 
on the biofuels debate in the Netherlands; Lehrer [17] also studied 
biofuels, but she focused on the US and takes a policy perspective; 
Huttunen [18] studied the discourses in rural non-wood bioen- 
ergy production in Finland; and finally Asveld et al. [19] focused on 
the debate on a bio-economy in the Netherlands. Two underlying 
characteristics that fueled this attention seem to be that bioen- 
ergy production has recently been widely debated worldwide and 
that the issue is ‘multilayered and characterized by a great variety of 
competing interests, opinions and perceptions’, as [15] phrases it. 

Most of the discourse analysis above focus on the structure of 
the public or policy debate and as such involve the identification 
of actors and advocacy coalitions involved and their position in the 
debate. We will take a route less travelled by, studying the discourse 
in the RD&D community and its involved policy. This way we hope 
to highlight shifts in arguments and policy and how they relate 
to preferences for specific feedstock, conversion technology and 
application - a mix of policy and technology discourse. As such, the 
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actors will remain more or less invisible - although one can image 
that a focus on agriculture crops relates to farmers; wood relates to 
forestry and pulp and paper industry; a focus on thermochemical 
conversion will require process technology, for example by boiler 
manufactures; anew, innovative, high-tech application will require 
support by RD&D institutions, etc. 


2.2. Empirical approach 


To reconstruct the European discourse on energy from biomass 
is not a straightforward thing to do. For starters, there is a lack 
of overview articles, as was already discussed. Also the academic 
literature on energy from biomass is limited prior to 1991 — at least 
as covered by Web of Science [20]. This does not mean that there 
was limited activity on this field: proceedings of conferences and 
policy meetings suggest the opposite. Some of the more prominent 
were the international Bioenergy conference of 1980 and 1984; the 
IEA conferences on thermochemical biomass conversion; the VIT 
conferences on power production from biomass in the 1990s; and 
last but not least the European Biomass Conference. 

The European Biomass Conference is a large international con- 
ference mainly supported by the European Commission. It has 
been held since 1980, mostly annually or bi-annually, see Refs. 
[41,52,57,63,68,81,99,101,102,123-130,132]. It encompasses the 
whole field of energy from biomass, from biomass production and 
harvesting, to processing and conversion, to final application, mar- 
ket formation, environmental impacts and policy. From early on, it 
did not only include research and policy contributions, but tried to 
involve industry as well. 

The European Biomass Conference seems to be a good starting 
point for reconstructing the discourse. First, the conference covers 
the complete period. Second, it contains a significant number of 
overview papers, both with respect to technology development and 
with respect to EU policy. And third, due to its open character and 
large scale, it can be seen as one of the larger European platforms 
for people working in RD&D on energy from biomass or policy areas 
related to that and as such as a representation of the energy from 
biomass community. 

For reconstructing the discourse, we followed a two path 
approach. First of all, we studied conference introductions, sum- 
maries, positioning papers and overview papers over the period 
1980-2010 in order to reconstruct a storyline. This storyline repre- 
sents the trends as seen by leading experts and by European policy 
makers. For cross examination and to reduce single source bias, 
we also studied some of the overview papers as presented on other 
conferences, as well as open literature and data sources — for exam- 
ple with respect to the production of energy from biomass and 
RD&D budgets. This led to refinement and better contextualization, 
and as such has been included in the storyline of the first approach. 

Second, we followed a quantitative approach by doing a text 
analysis on all contributions to the conference. The text analysis 
was performed using the T-lab software (see [21,22]). T-lab is a lin- 
guistic and statistical tool for text analysis. Strictly speaking, this 
sort of software tools support content analysis. However, we stud- 
ied developments over time that we contextualized. Many scholars 
(e.g. [23,24]) believe that both methodologies - content analysis 
and discourse analysis - overlap and can be combined, as also Sen- 
gers et al. [16] have shown in their recent paper on the media 
discourse of biofuels. 

The quantitative text analysis covers over 7000 titles. As such 
it is a very powerful tool and an indication of the discourse of 
the energy-from-biomass community as present at the confer- 
ences. For the analysis we differentiated to five periods, each more 
or less in line with typical time periods as distinguished by the 
first approach. This way it became easier to analyze develop- 
ments. And as each period covers 3-4 conferences, it reduces the 


overrepresentation of the organizing country - that would bias a 
year-to-year comparison. 

We used specificity analysis to compare the occurrence of key 
words per restricted time period (about 5 years) to the occurrence 
over the whole period (30 years). This provided a profile of over- 
used and under-used words over different periods. Only key words 
are included for which the probability that the frequency distri- 
bution can be explained by the distribution in the complete set is 
smaller than 5%. 

We used T-lab under standard settings. In this modus T-lab 
makes an automatic selection of lemmas (key words) to be included 
in the analysis, excluding stop words. The output table needed fur- 
ther interpretation, as it was quite long: 109-151 lemmas of over 
used words and a bit less for under used words. It also still con- 
tained general and not very relevant terms, like process, production, 
conversion, unit, move, etc. We made a selection of most relevant 
lemmas (indicative of developments, meaningful) and categorized 
them. 

Over the years the total number of contributions to the confer- 
ence tripled. As a consequence, one would expect a wider variety of 
topics and terminology, resulting in longer lists of over-used words. 
However, the opposite was true: the number of over-used words 
decreased over time (respectively 151-188-120-109-151 words). 
Apparently over time some alignment of research topics and ter- 
minology has been taken place. 

The interpretation required some extra care: lemmas that were 
completely not used ina period are not represented, nor are lemmas 
that are dominant over the 30 years but do not stand out ina specific 
period. Also, results show the time dependency of use of synonyms. 
In the 80s ethanol was produced, after 2000 bioethanol. This was 
part of a much broader tendency in naming everything ‘bio’, includ- 
ing words like biodiesel, biofuels, bioenergy, etc. T-lab does allow 
correcting for that, by building a dictionary in which synonyms are 
labeled with the same lemma. But this takes a significant effort 
and presents new dilemmas: bioethanol and ethanol can be con- 
sidered synonyms, but should we also cluster it thematically with 
fermentation; and CFB, referring to circulating fluidized beds, might 
sometimes be synonym for fluidized bed, while in other cases it is a 
distinctive subset. Therefore we used the software under standard 
settings without defining a dictionary, checking on relevant terms 
using additional test where required. This approach is justified 
as it is used to cross-examine the literature-based-reconstruction 
of the discourse and any anomalies will stand out and can be 
checked upon. 

To come to the storyline of the discourse, we used the lem- 
mas identified by T-lab and checked upon their use in titles. This 
provided details of the context they were used in. In addition, 
we checked some lemmas on co-occurrence - for example to 
check to what lemmas ‘market’ was related to over the period 
2007-2010. 


3. European Biomass Conference 


We already introduced shortly the European Biomass Con- 
ference, as a large international conference covering the 
whole field of energy from biomass. The conferences have 
been held annually or bi-annually, mainly by the support of 
the European Commission and the organizing countries (Refs. 
[41,52,57,63,68,81,99,101,102,123-130,132]). The general focus 
has been on the European scene. Both the 2000 conference in Sevilla 
and the 2004 conference were named ‘World conference’. However, 
the number of international contributions did not differ from later 
conferences. In addition, both conferences were held in and were 
dominated by Europe. As such, we will treat them just like the other 
EU conferences - as also the organization did: the proceedings of 
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Fig. 1. European biomass conference, number of contributions and participants. 


both World conferences were styled the same as the EU confer- 
ences, and in the numbering of subsequent EU conferences both 
World conferences are included. 

Remains the question which Europe is represented by the con- 
ference, as over the considered period the EU has been gradually 
expanding with mainly Scandinavian and Eastern European coun- 
tries. And more importantly, are the dominant countries in energy 
from biomass represented well over time? 

First dominant European countries in the field were identi- 
fied, both with respect to resource potential and application of 
bio-energy. Especially France and Germany have both large wood 
resources and agricultural output. Sweden and Finland also have 
large wood resources, while the latter also has large domestic peat 
resources. Exactly these four countries also excel in the use of 
energy from biomass [25-29]. 

Next we checked for the contributions to the conference. In the 
1980s France is dominating. From the smaller countries Belgium 
has a relatively high share. Contributions show a strong focus on 
EC. For the period 1989-1996 no detailed data are available. From 
1998 onwards, Italy and Germany have been the main contributing 
countries. The importance of smaller countries increases, especially 
for 1998-2002: Sweden, the Netherlands, Austria and Denmark. In 
general, EU contributions continue to dominate. Since the 1990s 
there are some contributions by Eastern European countries, but at 
a limited scale. 

Overall, one can state that the conference does represent well 
EU and especially West European developments. Major misrepre- 
sentation is the lack of contributions by Sweden and Finland in the 
80s. These countries excel both in resources and application of bio- 
energy and both countries held large relevant RD&D programs in 
this period, focused on combustion, gasification and liquefaction of 
wood, peat and black liquor [30-35]. 

A first characterization of the success of the conference over the 
years is given in Fig. 1. Both contributions and participants showed 
a strong increase during the late 1990s. This was due to a change 
in focus of the conference, enlarging the circle of participants [36], 
as well as a growth of interest in energy from biomass, especially 
over the 1994-2000 period, as we will see. 


4. Literature study based discourse 


The early years, 1980-1985, are characterized by major 
concerns regarding high oil prices and attempts to decrease depen- 
dency on oil. Policy focuses on improving energy efficiency and 
alternative fuels, especially coal and nuclear (and later also natural 
gas) for power production. It is a period of increasing awareness 
on energy from biomass, in which a diversity of resources and con- 
version technologies is being explored - with highest priority for 
production of a liquid fuel for the gasoline market and displacing 
oil for heating purposes in rural areas. Given this diversity, neither 
the overall impact biomass can make nor its strategic importance 


is widely recognized. And although there is a need for short term 
application, there is also the recognition that developing the energy 
from biomass option will probably take a long time [37-40,42,43]. 

Biomass per unit land turns out to be a sensitive cost factor and 
considerable effort is given to improve plant productivity. Com- 
bustion, digestion and fermentation are widely used technologies. 
Special attention is given to demonstration of farm scale biogas 
production by digesters - although at the end of the ’80s hopes 
are dashed. Combustion also receives significant attention, mainly 
the combustion of agricultural wastes (straw), industrial waste and 
RDF. Gasifiers are much less applied and mature. However, signif- 
icant research focuses on production of transportation fuels, and 
methanol synthesis via gasification of wood is given main prior- 
ity. Ethanol is initially not considered as a promising liquid fuel 
based on energy balance economics and competition for land. Dur- 
ing the ’80s it finds new interest, for example as co-solvent in 
biofuel blends, and by cellulolysis for the breakdown of lignocel- 
lulose to cellulose and subsequent fermentation, which becomes 
an area of very active R&D [44-49]. Lignocellulosic biomass (wood, 
straw, etc.) are considered most versatile, as world production is 
large, competition with food is limited and they can be stored and 
allow for steady state feeding [38,42,43]. 

In the subsequent period, 1985-1987, oil prices stabilize at 
lower prices and no longer provide the sense of urgency that charac- 
terized the early 80s. The context shifts: on the one hand to dealing 
with waste and residues - a low cost feedstock that is topic of 
increasing environmental concern; and on the other hand to deal- 
ing with agricultural surpluses in the EU, with energy crops giving 
a possibility to use set aside land and provide additional income, 
and as such support rural areas and communities. This results in 
an increase in attention for short rotation coppice. Digestion and 
combustion receive even more attention in demonstration projects. 
With respect to liquid fuels attention shifts to ethanol production 
by fermentation of agricultural crops: it is considered the most 
suited biofuel when agricultural lands are available and receives 
strong support by sugar beet farmers and sugar industries — that 
try to deal with a depressed sugar world market in the early 80s 
[42,43,47,48,50,51,53]. 

Over 1989-1993, government expenditures on energy from 
biomass RD&D are at a low point [54] - according to Grassi [55] 
budgets in the European biomass program over 1989-1991 drop by 
40%. This is reflected in a limited number of conference contribu- 
tions and visitors. In 1991 for the first time researchers and experts 
of Eastern Europe participate at the conference [56,64]. The Gulf 
crisis is a reminder of the dependency of oil - but the impact on oil 
prices and energy policies remains limited [56]. 

The European network has achieved a high level of scientific 
competence, for example in enzyme hydrolysis of cellulose and 
short rotation coppicing. The industrial applications of these break- 
throughs are yet to emerge, with limited interest from the energy 
market due to the low oil prices [58]. Apart from energy production 
from waste, development of biomass technologies is only justifiable 
if external costs are internalized. Emphasis is given to lignocellu- 
losic biomass (wood, agricultural residues like straw, etc.) [59-62]. 

A major driver becomes the concern about environmental prob- 
lems: limiting emissions, effects of intensive land use, dealing with 
(the volume of) waste, and the upcoming concern on global warm- 
ing [36,55,56,58,59,61,62,64-67,69,131]. The Earth Summit of Rio 
gives impetus that sustainability will be of growing concern and 
results in EU commitments to stabilize CO2 emissions [60,69]. 
Another driver is rural redevelopment and support of the agricul- 
tural sector - including job opportunities. At that time it is expected 
that a further increase in competition from Eastern Europe and pos- 
sibly from developing countries (due to the unavoidable reforms 
in agricultural policy) will result in more arable land set aside 
[55,60,62,67]. 
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There is a start to positively reframe the contribution of renew- 
ables to the energy supply. And energy from biomass is considered 
the option to deliver at the short and medium term, being one 
of the most cost-effective renewables that also is widely avail- 
able and widely spread. This would finally be formalized in the 
1997 White Paper on renewable energy, with a leading role 
for biomass. As such it is quoted and defended till well after 
2000. Main focus is still on biomass as an indigenous resource, 
which requires large integrated pilot projects on a regional scale 
[10,11,36,55,59-61,65,67,70-74]. 

In the late 80s and early 90s emphasis is given to pyroly- 
sis: its developments seem promising, with Europe leading world 
developments and the liquid produced has a strategic value: it 
has a high energy density; it is easy to transport; it is easy to 
apply in heating and power applications; and it can possibly be 
applied as fuel blend or for the production of high value chemi- 
cals [55,62,65,75-77] In the 90s a new sector has come into focus, 
electricity production, with possible contributions coming from 
advanced technologies like fast pyrolysis and gasification using 
combined cycle generators. The power production sector has found 
itself under pressure, as after the Chernobyl accident there is lit- 
tle support for expanding nuclear power, and concerns regarding 
global warming limit the support for coal based power generation 
[55,56,59,60,62,67]. 

Energy from biomass gets wider acceptance [56]. As Grassi [55] 
formulated it: “We are also witnessing greater agreement on the sig- 
nificance of this sector and the valuable contributions that it can make”. 
However, the period is one of transition and reassessing the role 
of energy from biomass, as reflected in the number of positioning 
papers, and the process shows ambivalence toward energy from 
biomass [75,78,79]. As de Sampaio Nunes [80] phrases it ‘Energy 
from biomass does not enjoy the same administrative and political 
support as other traditional forms of energy do’. 

In the period 1994-1996 there is growing commitment to 
reduce greenhouse gas emissions. There is a growth in research, 
which shows in the budgets and number of contributions and vis- 
itors to the conference. The latter also increases due to broadening 
with more active participation from agricultural interest groups, 
government agencies and technical journals [36,54]. These come 
from increasingly more countries, with the EU expanding and with 
a growing international attention for energy from biomass [82]. 
Parallel to the 1996 conference also the first technology exhibition 
was held. 

From this period on growing emphasis is given to bringing 
bioenergy to the market place, with more attention for commercial 
or near commercial demonstration activities, economy, environ- 
ment, non-technical barriers and political means for accelerating 
the use of energy from biomass [70,74,82-85]. Where the early 80s 
focused on liquid fuel production, the 90s are all about power pro- 
duction, both large scale (combustion and IGCC) as well as small 
scale combined heat and power. In 2001 this becomes formalized 
by a directive on electricity from renewable energy sources. There 
is an increasing involvement of large power producers. Lignocellu- 
losic biomass remains on top-with woody biomass already being 
applied at a large scale. The focus remains strongly on rural devel- 
opment [61,82,86,87]. 

In 1998-2002 these trends are followed, with an increasing 
attention for climate change and the upcoming of biomass com- 
bustion and co-combustion and co-firing, the latter two involving 
both coal and biomass as feedstock. By that time, many countries 
have set ambitious targets for energy from biomass. However, 
there is growing concern that these targets will probably only be 
met in exceptional cases at best - or might be achieved later on or 
with a shift to other renewables. If the targets are to be achieved on 
the short term, more efforts are necessary to remove the (mainly 
non-technical) barriers for implementation [74,83,88]. As the 


liberalization of the electricity markets progress, as a result of the 
EU policy on internal energy market that already started in the 
1990s, the enthusiasm by power companies is tempered. Private 
power companies tend to have low RD&D budgets and be risk 
aversive — that is, if they invest at all they tend to go for proven 
technologies [89]. The foreseen expansion of the EU results in 
studies on the possible contributions or Poland and Ukraine, both 
large countries. In gasification, solving the persistent problems 
with tar becomes a focal point. 

In the most recent period, 2004-2011, oil prices rise again, 
mainly from 2004 on with an all time peak in 2008 [90,91]. Although 
this was the result of multiple causes, some influencing factors are 
the increased use, especially by the upcoming economies like China, 
and a failure at the production side to keep up with demand. As 
these are considered structural changes, it is expected that on aver- 
age oil prices will rise and become more volatile in the future [92]. 
However, this has not resulted in the strong sense of urgency that 
characterized the response to high oil prices in the late 70s and 
early 80s. 

More dramatically is the shift with respect to power applica- 
tion, where biomass has been surpassed by wind power, which 
became the new renewable energy technology of choice and the 
promise for the future. Biomass still holds a strong promise - that 
now focuses on application for heat, biofuels and in industrial appli- 
cations [29,93-95]. 

Over this period especially the international dimension comes 
up. Trade in biofuels takes off, both in pellets (solid biomass), 
but also in liquid fuels that start to dominate the agenda. In 
Europe the driver is set in the 2003 directive on liquid bio- 
fuels with specific targets for 2005 and 2010. Interest covers 
both first generation biofuels as well as the development and 
demonstration in second generation biofuels - although appli- 
cation remains restricted to first generation fuels (ethanol by 
fermentation and biodiesel) [29,88,93,96-98,105]. The trade in 
biofuels relates mainly to countries like Canada, Brazil, Malaysia 
and Indonesia. But the scene is growing, with China and Russia 
also showing interest [100,103,104]. This results in new atten- 
tion on strategies, policies, logistics and sustainability criteria, and 
interest in intermediate products (wood chips, pellets, pyrolysis 
oil) [105,106]. There is a growing interest in biorefineries and 
polygeneration. Bio-refineries may become the basis for coop- 
eration amongst the various biomass sectors, to develop their 
synergies. There is also renewed attention for heat applications, 
the ‘Cinderella’ of bio-energy applications, and advanced applica- 
tions like synthetic natural gas (SNG) and fuel cell applications 
[92,98,107-110]. 

There seems to be a two path strategy to implement the uti- 
lization of biomass: the first one is integration in the existing 
infrastructure (power, blending biofuels, synthetic natural gas for 
existing gas networks); while the other one focuses on implemen- 
tation at the best place on earth, including Clean Development 
Mechanisms and Joint Implementation and biomass trade [98]. 
There is some renewed sensing that biomass technologies are 
mature and that the interest for biomass commercial implementa- 
tion has increased significantly, which could possibly result in the 
initiation of the biomass deployment. However, there still is a need 
for strong policy, huge investments and strong support of other 
industries, especially the oil and car industries and the utilities 
[92,107,110,111]. 

Not included in this overview, but omnipresent over the 
years is the intensive and broad attention for biomass grow- 
ing/productivity/harvesting. Also present from the start, although 
ona more limited scale, is the recognition of the importance of (tra- 
ditional) biomass use for energy in developing countries and the 
possibilities that come along with it. This is very well articulated in 
the early 80s and remains present over the years. 
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Over and under used words in different time periods, as present in titles of the European biomass conference. 


Period 


80-85 


87-91 


92-98 


00-05 


07-10 


Over-used words 
Regions 


Feedstock/crop 


Conversion 


Application 


Others 


Under-used words 
Regions 


Feedstock/crop 


Conversion 


Application 


Others 


UK, France, Sweden 


Alga, waste, forestry, 
fuel wood, wood, 
willow, crop, straw, 
sugar 


Digestion, 
fermentation 


Alcohol, methanol, 


ethanol, gasoline, gas, 


methane, engine 


Animal, farm 


Sorghum 


Combustion 


Biofuels, bioenergy, 
power, oil 


tar 


France, EC, Brazil 


Coppice, tree, pulp, 
timbre, eucalyptus, 
poplar, rice husk, agro 
forest, Sweet Sorghum, 
Jerusalem artichoke, 
straw, cotton, refuse, 
charcoal, fungus 


Digestion, 
fermentation, 
liquefaction, 
hydrolysis, pyrolysis, 
refinery 

Alcohol, ethanol, 
methane 


LEBEN, fast growing, 
yeast, fluidization 


Miscanthus, pellet 


Combustion, 
gasification 


Biofuels, bioenergy, 
gas, power, heat, 
biodiesel, bioethanol 


Emission, ash, tar, 
potential market, 
policy, strategy 


Finland, Denmark, 
Austria, Portugal, EC 


Short rotation coppice, 
salix, eucalyptus, 
Miscanthus, coal, fuel 
wood, forestry, chip, 
bark, pulp, paper, 
Sweet Sorghum, reed, 
agricultural, bagasse, 
MSW 

IGCC, combustion, 
stirling, 
co-fermentation, 
co-digestion, combined 
heat and power 
Electricity, heat, RME, 
compost 


Plantation, non-food, 
ecological, carbon 
dioxide 


EU 


Switchgrass, sunflower 


Gasifier, digestion 


Biofuels, bioenergy, 
syngas, hydrogen, 
methane, methanol, 
biodiesel, bioethanol 
Sustainable, trade, 
chain, tar 


Europe, Greece, 
Sweden, Denmark, 
Poland, Germany, 
Ukraine, United States 
Biomass, coal, fossil, 
fuel, Kenaf, corn, 
stover, Switchgrass, 
prune, sunflower, olive 


CHP, cogeneration, 
gasification, co-firing, 
co-combustion, 
Rankine 


Bioenergy, gas 


CFB, tar, olivine, small 
scale, transportation, 
demonstration, 
socio-economic, 
optimization, prospect, 
implementation, 
Kyoto, NOx, life cycle, 
building, supercritical, 
CFD 


EU, France 


Sweet Sorghum, alga, 
Miscanthus, artichoke, 
fuel wood, forest, 
Jatropha curcas, rape, 
bagasse, Eucalyptus, 
charcoal 
Fermentation, flash 
pyrolysis 

Alcohol, ethanol, 


methane, biogas 


Sustainable, harvest, 
supply, grid 


EU, Italy, UK, Thailand, 
Africa 


SRF, SRC, pellet, 
Jatropha curcas, palm, 
fruit, sewage, tire 


Gasification, 
torrefaction, 
bio-refinery, co-firing, 
ORC, extrusion 


Biofuels, bioenergy, 
SNG, biogas, 
bio-hydrogen, syngas, 
SOFC, biodiesel, 
bioethanol 

GHG, CDM, mitigate, 
impact, sustainable, 
LCA, emission, chain, 
supply, trade, logistic, 
transport, 
pre-treatment, market, 
consumer, policy 


Denmark, Brazil, 
Austria 

Waste, Sweet Sorghum, 
wood, coppice, 
Miscanthus, forestry, 
agriculture, eucalyptus, 
husk, straw, charcoal 


(co)-Fermentation, 
digestion, hydrolysis, 
liquefaction 

Alcohol, electricity 


Animal, pulp 


5. Quantitative analysis discourse 


Using T-lab software a table was created of over- and under- 
used words in conference contributions over different periods, see 
Table 1. To keep the results well-ordered, they are classified in the 
categories ‘regions’, ‘feedstock’, ‘conversion’, ‘application’ and ‘oth- 
ers. The results have been contextualized and will be discussed in 
thematic order, following the rows in Table 1. 

Countries are selectively represented, focusing on most con- 
tributing countries. The early 80s were dominated by the 
contributions of the UK and France. In the 90s a series of smaller 
countries came up: Finland, Denmark, Austria and Portugal. For the 
period after 2000 the appearance of both Poland and Ukraine is 
striking. Both countries have been considered for their potential 
of biomass production, by both agriculture and forestry. Strik- 
ing is also the limited reference to Germany in this period - 
a country known for its leading position in the field in recent 
years. 


The contribution of feedstock can only be interpreted when 
being aware of its subsequent possibilities of conversion and appli- 
cation. In the early 80s there is mainly attention for forestry and 
wood, the traditional biomass sources for energy. Algae are con- 
sidered as long term response to an increase of the pressure over 
land use. In the late 80s attention shifts and start to include short 
rotation coppice, including eucalyptus and poplar, and crops suited 
for fermentation to produce ethanol, including Sweet Sorghum and 
Jerusalem Artichokes. The 90s show a further increase in empha- 
sis on short rotation coppice. Just after 2000 there is a remarkable 
attention for fossil fuels and especially coal, which are used in all 
sorts of hybrid processes using both coal and biomass. The most 
recent period shows extra attention for pellets, which are furthest 
in becoming a biomass commodity with international trade, as well 
as some specific waste streams like tires and sewage sludge. 

The 80s start off with mainly attention for digestion and 
fermentation that produce, respectively, methane and ethanol, 
although also methanol production by gasification was considered. 
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As already mentioned, in the late 80s there is a shift toward fermen- 
tation and ethanol production. In the 90s there is a complete shift 
in focus. Fermentation and digestion and their respective prod- 
ucts become under represented, although co-fermentation and 
co-digestion do receive some attention. The new kinds on the block 
are the use in gas turbines (IGCC) after gasification, combustion 
and combined heat and power - all to deliver mainly power but 
also heat. As such both the large and the small systems receive 
significant attention. After 2000 emphasis is on cogeneration (com- 
bined heat and power) and on co-firing/co-combustion, involving 
coal. After 2007 attention seems to broaden a bit. Gasification and 
co-firing are still in the spotlight, but now also bio-refineries are 
considered - which might actually accommodate a gasifier. There 
is alot of attention for biodiesel and bioethanol. But also other, more 
advanced applications are considered, mainly based on gasification, 
for example synthetic natural gas (SNG) and fuel cells (SOFC). There 
is also attention for bio-hydrogen, both in general and more specific 
on production via a fermentation route. 

In the category other lemmas we find the word animal and farm 
in the early 80s, that link to the emphasis on digestion and fer- 
mentation. Subsequently we see lemmas related to short rotation 
coppice (fast growing, LEBEN - Large European Biomass Energy 
Network, plantation, non-food). From the 90s onwards one can see 
the increase in attention for reduction of greenhouse gasses (car- 
bon dioxide, Kyoto, greenhouse gasses GHG, clean development 
mechanism CDM, mitigate). Typical is the emphasis on gasifica- 
tion, including CFB technology and the tar problem, for the period 
2000-2005. After being present since the 90s, sustainability finally 
breaks through in recent years. Along with that there is more atten- 
tion of life cycle analysis, emissions and chain impacts. These are 
also the years of market formation, as reflected in lemmas like 
chain, supply, trade, logistics, transport, market and consumer. This 
involves biomass and bioenergy in general and more specific bio- 
fuels and pellets. 


6. Discussion and conclusions 
6.1. Story lines 


We performed a discourse analysis by two different methods, 
resulting in the two storylines presented above. Both show similar 
trends - see Table 2. The applied methods go well together: the 
literature based approach allows for more details and contextual- 
ization (arguments, drivers, etc.), while the quantitative approach 
shows that it is not just a discussion, an analysis of linguistics, but it 
also relates to a community effort that is represented-a discourse 
of language and practice. 

Results also show the relevance of the supranational approach: 
clearly there is a shared agenda, vision and effort. The broad, long 
term and international focus allows identifying shift in topics, tech- 
nologies and contributing countries - shifts that in studies that 
focus on a specific technology or country would not show up. For 
example, the shift in the 1990s was not just favoring gasification 
based IGCC - that received most of the attention -, as it turns out 
to be part of a much broader shift away from biochemical toward 
thermochemical conversion routes. When checking the contribu- 
tions of the conference, by words in titles, contributions per session 
theme and scores in key words indices, it shows that this shift 
from biochemical to thermochemical conversion has been rather 
strong. It resulted in the fourth framework Joule-Thermie program 
(1994-1998). 

This shift from biochemical to thermochemical routes at the end 
of the 80s/early 90s coincides with a shift in contributing countries, 
away from the major contributions by France and the UK toward 
Germany, Italy and a series of smaller countries, including Finland 


Table 2 
Summary developments in energy from biomass RD&D and policy in Western 
Europe. 


1980-1985 Oil crisis shock, fuels for oil replacement like methanol by 
gasification 
Coming of age, growing interest 
Small impact near future, strategic importance long term 
Large government sponsored programs, need for long term 
support 
Short term waste, medium term energy crops 
mportance for Third World countries 
Biological routes 

1985-1987 Low energy prices 


Dealing with waste, opportunity fuel 
Agricultural surpluses > ethanol and short rotation 
forestry schemes 
Feedstock research and reduction of production costs 
1989-1992 dem 
Initially reduced interest, followed by positively reframing 
potential biomass 
Growing importance environmental problems, especially 
global warming 


nternational cooperation on biomass 

1994-1996 Thermochemical conversion is maturing (combustion, 
pyrolysis, gasification) - and receives most interest 
Electricity (incl. large power producers) and decentralized 
heat and power 
Unemployment disadavantaged regions 
Setting aside of farm land to limit excess agricultural 
production 
Bringing biomass energy to the market place, advantages 
and barriers 

1998-2002 Worldwide strategies 
Bringing biomass energy to the market place, policy, 
climate protection 
(Advanced) combustion 
Coal (co-combustion, co-gasification) 

2004-2011 International cooperation 


Biofuels trade, logistics, sustainability debate 
Bio-refineries, SNG and fuel cells 


and Sweden. Although Finland and Sweden had been active in this 
field already in the 1980s, these developments remained largely 
out of sight of the European biomass conference. To some extend 
the developments seem to be correlated. Bridgwater [112] con- 
firms that Europe in general, and especially France and the UK - 
together with Italy - took the lead in biochemical conversion in 
the late 1980s. However, Bridgwater also shows that the UK and 
France were very active in the field of thermochemical conversion 
of biomass. So apparently, other causes need to be considered as 
well. The case of the UK is not that clear, but for France we did find 
additional information. 

In the early 1980s the energy situation in France was charac- 
terized by high dependency on oil import and a high potential of 
biomass [113,114]. Small scale air gasifiers found initial application, 
while France also actively participated in the EU gasification-to- 
methanol research [115,116]. However, methanol production by 
this route could not compete with the low oil prices - that become 
a fact of life in the mid 80s. In the EU in the 1990s, research was refo- 
cused to gasification for power generation (see the storyline [70]). 
However, for France this was not an attractive route to pursue, as it 
already shifted to nuclear power production in the 1980s on a large 
scale. Public funding of research on biomass gasification for power 
production was stopped in 1987 and France buy-back tariffs for 
power showed to be one of the worst in Europe [1,117,118]. With 
the renewed interest in biofuels after 2000, France mainly focused 
on first generation fuels. 


6.2. Duality 


The discourse on energy from biomass is surrounded by duality. 
For example, energy from biomass can be both culprit and savior 
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Knowledge intensive 


Biotechnology / bio-based economy 

e High tech / competitive 

e High added value 

e Medium to long term 

e Unconcerned farming land / agricultural 
surpluses 

e Limited attention lingo-cellulosic 


Small local systems 

e Farm based digestion 

e Chimney and stoves for space heating 
e Local / self sufficiency 


Small scale 


Renewable energy (solid, liquid, power) 


e Ligno-cellulosic matter, wood, 
short rotation coppice 

e Thermochemical conversion 

e Large volumes at low costs > energy, bulk 
chemistry 

e As such related to practices of forestry, pulp 
& paper industry 


e Conversion farm land to short rotation 
coppice 


Biofuels 


Ethanol and vegetable oil, 
wheat, beet, rapeseed 

Short term 

Maintain farm income, 
stabilize agricultural population 


Compared to cost subsidized agriculture 


Large scale 


Knowledge extensive 


Fig. 2. Four discourses in energy from biomass. 


for sustainable energy production. Surprisingly, already early on 
both the possible competition on land for food production and the 
energy balances received interest, as well as the impact of inten- 
sive land use (see, e.g. Hall [9]). In the 90s attention intensified 
and focused on environmental problems and sustainability issues, 
including the discussion on sustainability criteria. Nevertheless, 
the biofuels directive of 2003 resulted in some mall practices and 
the public food versus fuel debate after the 2007-2008 world food 
prices crisis [119]. This debate evolved around similar arguments 
that were already used by Hall in 1982 [9]. This raises the question 
how these arguments failed to make a contribution to the biofuel 
directive. 

Lehrer [17, p. 440] describes a similar situation with respect 
to the US legislation over 2007-2008 with regard to biofuel 
development. “While concerns were raised about the environmen- 
tal impacts of large-scale government investment in biofuels, these 
concerns gained political traction only after the 2007 (energy) and 
2008 (farm bill) laws were passed”. She concludes that “policy is 
created at a particular moment in time and is influenced by situa- 
tional, political and discursive forces that shape the type of policy 
change that becomes possible at that time”. She argues that discourse 
analysis can play an important role in identifying (and under- 
standing) the opening and closing of these policy windows - the 
windows of opportunity for policy development in the given con- 
text. 

Another omnipresent duality is that of time horizons. On the one 
hand there is the focus on energy from biomass as a strategic option. 
This includes decreasing the dependency on oil and application to 
reduce greenhouse gasses. This focus also relates to innovation: 
new, efficient and cheap technology that is a promise for the future; 
and highly productive crops and growing methods. As such it allows 
for long term RD&D trajectories that could easily encompass one or 
more decades. 

On the other hand there is a continuous pressure for short term 
application: to reduce the actual dependency on oil, to start reduc- 
ing greenhouse gasses, to support rural areas and farmers, and to 
involve market parties and their sources and dynamics. The sto- 
rylines clearly show the tension between the two approaches - 
long versus short term - that frequently require different policies, 
but also lead to different choices with respect to feedstock and 
technologies. 


6.3. Discourses and discursive shifts 


Energy from biomass continues to be used as key word in poten- 
tial studies, renewables and energy policy. However, as the story 
lines show, this is a non-homogeneous and ambiguous concept, a 
label that to some extent disguises the broad and complex options 
that it represents. It includes a wide variety of feedstock (wood, 
agricultural crops and residues, waste, algae), conversion processes 
(digestion, fermentation, combustion, pyrolysis, gasification, lique- 
faction, etc.) and applications (heat, power, fuels, chemicals, large 
vs. small scale), while also the drivers to work on these options 
change over time. Overall, one can say that energy from biomass 
referred to something completely different in the early 80s, com- 
pared to the mid 90s or to 2010. And it is this change in discourse 
that we are interested in. 

This variety in options provides on the one hand what inno- 
vation scientists call interpretive flexibility - no matter what the 
new policy goal or large societal problems or promises are, energy 
from biomass can adapt to that like a chameleon and continues to 
receive some support. On the other hand, learning effects between 
options will be limited, each option will involve its own actors, and 
building up an image to the general public and media remains diffi- 
cult, while other renewables like solar and wind seem to provide a 
much clearer profile. This is further eroded by the quarrels between 
different biomass conversion options [83,87,108,120]. 

Several authors have structured these developments in one way 
or another. We will follow Chartier [58] who distinguishes strate- 
gies based on knowledge intensity and scale, see Fig. 2. Each of the 
strategies also comes with different feedstock, conversion tech- 
nologies and applications, and as such with different actors and 
supportive arguments. As these strategies fit well with our story 
lines, we will argue that they constitute different discourses that 
together have shaped the path of developments and as such can be 
used to analyze them. 

The first one relates to biofuels (bottom right) and is focused on 
large scale ethanol and biodiesel production to use agricultural sur- 
pluses and support rural development. Research plays a secondary 
role in this strategy, as these were already more or less established 
technologies in the 1980s. 

The second strategy relates to renewable energy (top right) and 
is focused on the large scale production of solid and liquid fuels 


A.F. Kirkels / Renewable and Sustainable Energy Reviews 16 (2012) 4105-4115 4113 
80,000 200 100 
a) application b) RD&D budget c) publications 

60,000 - 150 75 
40,000 100 50 
20,000 50 25 

0 +r 0 feo On T T TT 

1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 


Fig. 3. Trends in energy from biomass in EU-15: (a) in application (thousand tons of oil equivalents) (source: [93]); (b) total of national RD&D budgets on energy from biomass 
(million euro, 2009 prices and exchange rates; 3 year moving average) (source: [54]); and (c) number of publications, in this case in Biomass (1982-1990) and in Biomass & 


Bioenergy (1991-2010; 3 year moving average) [20]. 


and power, with an active interest in lingo-cellulosic matter. This 
includes options like advanced combustion, pyrolysis and gasifica- 
tion. This requires significant research and focuses on power and 
fuel production. 

The third strategy (top left) is focused on knowledge inten- 
sive biotechnology, with high added value products produced in 
small quantities. Examples include applications like fiber, specialty 
chemicals, biopolymers, lubricants, paints, etc. More importantly, 
this third strategy relates to what became known as the bio-based 
economy, a vision that received increasingly attention after 2000. 
Although in principal this refers to the more broad development 
away from fossil fuels to bio-materials as feedstock for energy 
and materials, its more specific promise is building strongly upon 
biotechnology - see also [19,121,122]. 

We added a fourth strategy (bottom left) - one that was not 
mentioned by Chartier — that relates to small scale and knowledge 
extensive application. This includes farm based digestion system 
and traditional combustion of biomass. 

Clearly, developments can be described as shift in attention 
between the four discourses. This is especially relevant as each 
involves a different policy arena and different actors. 

European efforts in the early 80s mainly focused on develop- 
ing and applying small local systems, including digesters; and on 
research and development on renewable energy that focused on 
methanol production by wood gasification for blending in petrol. 
Both technology and feedstock were considered suited (on the long 
run) for large scale application. Main driver is finding domestic 
sources that can substitute oil. In the late 80s the context shifts, 
as the oil prices no longer provide an incentive and the agricultural 
overproduction increasingly becomes a problem. Ethanol as biofuel 
is reconsidered. In the 90s attention shifts away from biochemical 
routes to thermochemical applications and the renewable energy 
strategy. After 2000 attention diverges again. There is continued 
interest in renewable energy: gasification in research and develop- 
ment and (co-) combustion in applications. At the same time the 
biofuel market opens up, while there is also an increase in attention 
for the vision of a bio-based economy. 

Note that small local applications have to some extent been part 
of these developments, like the emphasis on digestion systems in 
the 1980s. However, it never received high priority since, although 
several sources indicate that small system, especially combus- 
tion for space heating, continue to make a significant contribution 
[28,95]. 

Also note that, although Chartier already in 1990 points at 
the increasing importance of agro-food industry focusing on new 
high-added value products, the promise of a bio-based economy is 
mainly articulated by other and more recent literature and received 
limited attention on the conference. Apparently the conference is 
not the best platform for life sciences, biochemistry, biotechnology, 
genetics, etc. 

Some of the developments cannot be fully captured by the iden- 
tified discourses. Examples are the recent interest in bio-refineries 


that can be seen as an attempt to bridge the biotechnology and the 
renewable energy approach; or the fermentation of lignocellulosic 
biomass, which is a cross over between the biofuel route and the 
renewable energy route. 

Of course, one can also focus on the developments within each of 
these discourses. For example ethanol production that in the early 
1980s was mainly considered for small applications with significant 
attention for the fermentation process. During the late 80s and 90s 
its role as potential biofuel is strengthened. When this materializes 
after 2000, the discussion is no longer about the fermentation pro- 
cess and technology, but about biofuels in their socio-economical 
context: policy, barriers, economics, trade, logistics, sustainability 
criteria, etc. 


7. Future of energy from biomass 


Our results show for energy from biomass the 1980s as an area or 
exploration; the 1990s initial application for power production and 
glorious expectations of the future; and after 2000 the market on 
biofuels that opens up but also leads to a public debate and wind 
that takes over the power market. Where does it leave us? Has 
energy from biomass outlived its days of success of the 1990s? And 
what does this mean for the four discourses identified? Will they 
blend together, or will one become dominant, or will they continue 
to co-exist? 

In Fig. 3 some additional indicators are presented for the EU- 
15 (Western Europe), namely the total application of biomass for 
energy purposes, the total government based RD&D budgets and 
trends in scientific publications. Each to some extent shows the 
increased attention during the 1990s. But what stands out is the 
sharp increase after 2005. Apparently, the opening up of the com- 
bustion and the biofuel market and the start up of the international 
market has brought new dynamics to the field. 

According to Beurskens and Hekkenberg [29] - based on pro- 
jections of the EU member states - the increase in application over 
the next decade will mainly take place in conservative applica- 
tions, like heating, power production and first generation biofuels. 
However, the promise of a bio-based economy recently received 
increasing attention. At the same time, the long term promises that 
have driven the field over the past decades persist in relevance: 
that of reduced dependency on oil and reducing greenhouse gasses 
- both of which will require a large scale and advanced applica- 
tions. In short: all signs show that the upcoming 30 years will be at 
least as interesting - as well as diversified! As a result, the multiple 
discourses identified are likely to continue to co-exist. 
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